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TECHNIQUES FOR FACILITATING 
INTEROPERATION BETWEEN A HOST 
DEVICE AND A DIGITAL RF TUNER 

ACCESSORY 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims the benefit of U.S. patent applica 
tion Ser. No. 61/122,395, filed Dec. 14, 2008 for “HD Tag 
ging in an RFTuner Accessory” (inventors Jason J. Yew, Allen 
P. Haughay, Jr., and Robert J. Walsh), the entire disclosure of 
which (including documents themselves incorporated by ref 
erence) is incorporated by reference. 

COPYRIGHT NOTICE 

A portion of the disclosure of this patent document con 
tains material which is Subject to copyright protection. The 
copyright owner has no objection to the facsimile reproduc 
tion by anyone of the patent document or the patent disclo 
sure, as it appears in the Patent and Trademark Office patent 
file or records, but otherwise reserves all copyright rights 
whatsoever. 

BACKGROUND 

This disclosure relates generally to radio transmissions, 
and more specifically to RF tuner accessories that communi 
cate with a media player Such as a portable media device 
(“PMD). 

There are a number of technologies whereby AM and FM 
radio stations are able to transmit digital information along 
with their analog signals. This is typically done by modulat 
ing low-energy sidebands within the normal station band 
width using known digital modulation schemes. 
An early technology deployed in Europe is known as Radio 

Data System (“RDS''); a U.S. counterpart, officially known as 
Radio Broadcast Data System (“RBDS''), is very often also 
referred to as RDS. In an RDS broadcast, a small amount of 
digital data relevant to the broadcast is included with the 
analog broadcast. The information (i.e., metadata) is struc 
tured (differently in Europe and the U.S.) to include such 
information as time, track/artist information, station identifi 
cation, and program type (e.g., news, sports, weather, talk, top 
40, country, jazz, classical, and rhythm and blues). It will be 
appreciated that the RDS system, while not improving the 
audio quality or providing additional program content, pro 
vides useful information to the listener. 

Another set of technologies provide digital audio, in addi 
tion to the metadata about the content being played. High 
quality audio can be transmitted using less bandwidth than 
conventional AM or FM radio by digitally encoding the audio 
stream at the source, and then decoding it at the destination. 
There are a number of formats for digital audio, but a particu 
lar in-band on-channel (“IBOC) technology developed by 
iBiquity Digital Corporation (“iBiquity”) has been selected 
as a standard by the U.S. Federal Communications Commis 
sion (FCC). The latest version of the standard is officially 
referred to as In-Band/On-Channel Digital Radio Broadcast 
ing Standard NRSC-5A promulgated by the National Radio 
Systems Committee. 
As stated in Wikipedia, “HD Radio technology ... enables 

AM and FM radio stations to simulcast both digital and ana 
log audio within the same channel (a hybridized digital-ana 
log signal) as well as add new FM channels and text informa 
tion.” HD Radio, at least in stylized forms, is a registered 
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2 
trademark of iBiquity. It is also viewed by Some as an acro 
nym for “Hybrid Digital radio technology. Thus, iBiquity's 
technology is a species of IBOC technology for transmitting 
digital radio and analog radio broadcast signals simulta 
neously within the frequency band allocated to the analog 
radio station. 

SUMMARY 

Embodiments provide an accessory having an RF tuner for 
digital radio, such as HD radio. The accessory can be in 
communication with a media player Such as a portable media 
device (“PMD). 

In various embodiments, the user can be given the ability to 
command the accessory to provide raw digital data, the ability 
to Scan only for stations having digital audio content (or for all 
available stations), the ability to provide station lists of sta 
tions having digital audio content (or all available stations), 
and the ability to request and store metadata beyond that for 
stations actually being listened to provide enhanced search 
capabilities. Enhanced metadata and searching can provide 
the listener the ability to refine station choices without having 
to listen at length to any particular station, and further can 
facilitate tagging broadcast tracks for Subsequent access and/ 
or purchase. 

In any of the various embodiments, the digital radio pro 
gram service can be a program service having digital audio 
and metadata encoded and modulated according to In-Band/ 
On-Channel Digital Radio Broadcasting Standard NRSC-5 
or NRSC-5A. Further, in any of the various embodiments, the 
station frequencies can be in the FM band, the AM band, or 
any other band of frequencies. 

In one embodiment, a method for use in an accessory 
having a radio receiver includes: in response to a command 
specifying a given digital radio program service, tuning to a 
frequency corresponding to the given digital radio program 
service; extracting digital information for the given digital 
radio program service; separating the digital information into 
audio information and other information; providing the audio 
informationata first interface of the accessory; and providing 
the other information in raw digital format a second interface 
of the accessory. The first and second interfaces can be pro 
vided by separate signaling paths, or by a common signaling 
path with the audio information multiplexed with the other 
information onto the common signaling path. 
The other information can include metadata associated 

with the audio information. In some embodiments, the first 
interface is a digital interface and the accessory provides the 
audio information to the first interface in digital form. In other 
embodiments, the accessory converts the audio information 
to an analog audio format before providing the audio infor 
mation to the first interface. The first interface can be an 
analog audio out interface of the accessory that is distinct 
from the second interface. The audio out interface can be 
complementary with and communicably coupled to an analog 
audio interface on a media player. 

In some embodiments, the accessory has a media player 
interface configured for communicable coupling to a comple 
mentary accessory interface on a media player. The accesso 
ry's audio out interface can be distinct from the accessory’s 
media player interface and can be configured to communicate 
with an audio output device. 

In another embodiment, a method for use in an accessory 
having a radio receiver includes: receiving a raw-mode com 
mand from a media player communicably coupled to the 
accessory, the raw-mode command specifying that the acces 
sory should provide raw data to the media player. The acces 
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sory responds to the raw-mode command by assembling a 
data record from received digital radio data and sending the 
assembled data record to the media player using a data trans 
mission command. 

In some embodiments, the accessory is also configured to 
receive a parsed-mode command, and responds to the parsed 
mode command by assembling data from received digital 
radio data, parsing the data, assembling a data record from 
parsed digital radio data, and sending the assembled data 
record to the media player using a data transmission com 
mand. 

In another embodiment, a method for use in an accessory 
having a radio receiver includes: in response to a command at 
an input interface to tune to a given frequency, tuning to the 
given frequency; determining the number of digital radio 
program services at the given frequency; and providing at an 
output interface information representative of the number of 
digital radio program services at the given frequency. 

In some embodiments, the command at the input interface 
is provided by a media player. The media player, upon receiv 
ing the information representative of the number of digital 
radio program services at the given frequency, can then com 
mand the accessory to provide information regarding each of 
the digital radio program services. This can be done in a 
manner where the media player, upon receiving information 
regarding a given digital radio program service, displays that 
information without waiting until it has information about all 
the digital radio program services at the given frequency. 
Alternatively, it can be done in a manner where the media 
player, upon receiving information regarding a given digital 
radio program service, displays that information only after it 
has information about all the digital radio program services at 
the given frequency. 

In another embodiment, a method for use by a media player 
communicating with an accessory having a radio receiver 
includes: requesting information from the accessory regard 
ing digital radio program services at one or more station 
frequencies; receiving metadata from the accessory regarding 
multiple digital radio program services; storing the metadata 
for the multiple digital radio program services independently 
of receiving audio associated with any particular digital radio 
program service. 

In another embodiment, a method for use in an accessory 
having a radio receiver includes: tuning to a frequency at 
which one or more digital radio program services are avail 
able; providing information about the one or more digital 
radio program services to a media player interface; receiving 
a selection from the media player interface, the selection 
selecting one of the one or more digital radio program ser 
vices; and delivering audio content from the selected digital 
radio program service to the media player interface. In some 
embodiments, the information about the one or more digital 
radio program services is provided in raw form; in others, it is 
services is provided in parsed form. 

In another embodiment, a method for use in an accessory 
having a radio receiver includes: receiving a mode command 
specifying that the accessory should operate in either a first 
mode in which only radio stations providing digital audio 
content are of interest or a second mode in which all radio 
stations are of interest; receiving a command to search for a 
receivable radio signal; in the event that the mode command 
specified that the accessory should operate in the first mode, 
searching only for a radio signal that includes digital audio 
content; and in the event that the mode command specified 
that the accessory should operate in the second mode, search 
ing for any receivable radio signal. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
In some embodiments, the mode command is sent as a 

separate command before the command to search is sent. In 
other embodiments, the mode command is incorporated into 
the command to search. In some embodiments, there is a 
mode where the accessory returns analog stations having 
tagging information. In some embodiments, there is a mode 
where the accessory returns analog stations having RDS 
information. 

In another embodiment, a method for use in an accessory 
having a radio receiver includes: receiving one or more com 
mands to search for all digital radio stations in a given fre 
quency band; and for each digital radio station found, provid 
ing station identifying information concerning the found 
digital radio station at an interface of the accessory. 

In some embodiments, the method can also include, after 
station identifying information has been provided for all 
found digital radio stations: sequentially tuning to the found 
stations; and for each found station, providing additional 
information representing program services available for that 
found station. 

In some embodiments, the method can also include, after 
station identifying information has been provided for each 
found digital radio station, providing additional information 
representing program services available for that found station 
before searching for the next digital radio station. 

In some embodiments, the method can also include, receiv 
ing one or more commands to search for all radio stations in 
the given frequency band, and for each radio station found, 
providing station identifying information concerning the 
found radio station at the interface of the accessory. 

In another embodiment, an accessory includes: a radio 
tuner; a first interface; a second interface; and a controller 
responsive to commands. The controller, in response to a 
command specifying a given digital radio program service, 
tunes to a frequency corresponding to the given digital radio 
program service, extracts digital information for the given 
digital radio program service, separates the digital informa 
tion into audio information and other information, provides 
the audio information at the first interface, and provides the 
other information in raw digital form at the second interface. 

In another embodiment, an accessory includes: a radio 
tuner; a media player interface; and a controller responsive to 
commands at the media player interface. The controller, in 
response to a raw-mode command specifying that the acces 
sory should provide raw data at the media player interface, 
assembles a data record from received raw digital radio data, 
and sends the assembled data record to the media player 
interface using a data transmission command. 

In some embodiments, the controller, can also operate in 
response to a parsed-mode command specifying that the 
accessory should provide parsed data at the media player 
interface. In response to Such a command, the controller 
assembles data from received digital radio data, parses the 
data, assembles a data record from parsed digital radio data, 
and sends the assembled data record to the media player 
interface using a data transmission command. 

In another embodiment, an accessory includes: a radio 
tuner; an output interface; and a controller responsive to com 
mands. The controller, in response to one or more commands 
specifying tuning to a frequency having digital radio pro 
gramming, tunes to a given frequency having digital radio 
programming. The controller then determines the number of 
digital radio program services at the given frequency, and 
provides at the output interface information representative of 
the number of digital radio program services at the given 
frequency. 
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In another embodiment, an accessory includes: a radio 
tuner, a media player interface; and a controller responsive to 
commands at the media player interface. The controller, in 
response to a set of one or more commands, tunes to a fre 
quency at which one or more digital radio program services 
are available, and provides information about the one or more 
digital radio program services at the media player interface. 
Additionally, the controller, in response to a command speci 
fying one of the one or more digital radio program services, 
delivers audio content from the selected digital radio program 
service to the media player interface. 

In another embodiment, an accessory includes: a radio 
tuner, a media player interface; and a controller responsive to 
commands at the media player interface. The controller, in 
response to a mode command specifying that the accessory 
should operate in either a first mode in which only radio 
stations providing digital audio content are of interest or a 
second mode in which all radio stations are of interest, sets the 
accessory in the mode specified by the command. The con 
troller, in response to a command to search for a receivable 
radio signal: in the event that the accessory in the first mode, 
searches only for a radio signal that includes digital audio 
content; and in the event that the accessory is in the second 
mode, searches for any receivable radio signal. 

In some embodiments, the mode command is sent as a 
separate command before the command to search is sent. In 
other embodiments, the mode command is incorporated into 
the command to search. In some embodiments, there is a 
mode where the accessory returns analog stations having 
tagging information. In some embodiments, there is a mode 
where the accessory returns analog stations having RDS 
information. 

In another embodiment, an accessory includes: a radio 
tuner, a media player interface; and a controller responsive to 
commands at the media player interface. The controller, in 
response to one or more commands to search for all digital 
radio stations in a given frequency band, provides, for each 
digital radio station found, station identifying information 
concerning the found digital radio station at the media player 
interface. In some embodiments, the one or more commands 
include multiple separate commands to search for the next 
digital radio station in a scan sequence. In other embodi 
ments, the one or more commands include a single command 
to search for all the digital radio stations in a scan sequence. 

In other embodiments, a computer-readable medium con 
tains program instructions, which when executed by a com 
puter system in an accessory having a radio receiver or a 
portable device cause the computer system to control the 
accessory, or the media player as the case may be, to execute 
a method, which can be one of the methods described above 
in connection with other embodiments. 
As used herein, “issuing a command” or “responding to a 

command” is to be interpreted broadly to include any signal 
ing regime where a signal specifying an action is sent or 
received. The signal can be received and interpreted by hard 
ware (e.g., combinatorial logic), Software executing on a pro 
cessor, or a combination of hardware and Software. 

Additionally, issuing and responding to a command is to be 
interpreted broadly to include engaging in an exchange of 
commands. For example, in a particular implementation, a 
PMD can request information from an accessory regarding all 
the digital radio program services for a given station by first 
issuing a command for the accessory to provide the number of 
digital radio program services, receiving a command speci 
fying that number, and then issuing a command to be notified 
when information regarding the program services is avail 
able. The requested information can then be acquired after 
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further commands for particular information in response to 
commands specifying that Such information is available. 
Thus, while the term “command” is sometimes used for a 
low-level atomic transaction, it can also be used to refer to 
high-level operations that include multiple low-level com 
mands. 
A further understanding of the nature and advantages of 

embodiments may be realized by reference to the remaining 
portions of the specification and the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a digital radio tuner accessory 
and a portable media device (“PMD) showing representative 
signals communicated between them according to an 
embodiment; 

FIG. 2 is a block diagram of a digital radio tuner accessory 
and a PMD showing possible additional details of some of the 
elements shown in FIG. 1; 

FIG. 3A is a is a block diagram of a digital radio tuner 
accessory and a PMD showing possible audio paths that can 
be present in accessories and PMDs such as those shown in 
FIG. 1 or FIG. 2: 

FIG. 3B is a is a block diagram showing additional details 
of the digital radio receiver shown in FIG. 3A; 

FIG. 4 is a flowchart showing an exemplary exchange of 
commands between the PMD and the accessory during digital 
radio setup according to an embodiment; 

FIG. 5 is a flowchart showing an exemplary exchange of 
commands between the PMD and the accessory during digital 
radio tuning according to an embodiment; 

FIG. 6 is a flowchart showing an exemplary exchange of 
commands between the PMD and the accessory during noti 
fication and retrieval of digital radio information and data 
according to an embodiment; 

FIG. 7 is a flowchart showing an exemplary method of 
generating a station list according and embodiment; 

FIG. 8A is a flowchart showing additional details of 
selected portions of the flowchart of FIG. 7 according to one 
implementation; and 

FIG. 8B is a flowchart showing additional details of 
selected portions of the flowchart of FIG. 7 according to 
another implementation. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

Media assets, such as audio tracks, video tracks, or images 
(e.g., photos) can be stored, displayed, and/or played on a 
portable media device (“PMD) or on a host computer 
executing a media management application ("MMA"). 
Often, a portable media device acquires its media assets from 
a host computer executing an MMA, and the user may use the 
MMA to organize the collection of media assets. One 
example of a PMD can be the iPod(R) portable media device, 
currently available from Apple Inc. of Cupertino, Calif. One 
example of an MMA can be the iTunes(R) media management 
application, produced by Apple Inc. Some PMDs provide the 
user a display to aid in interacting with the content on the 
PMD. Indeed, Apple's iPod Touch(R) PMD and iPhone(R) 
phone/PMD are examples where the primary user interface is 
a touchscreen display. 
Media players like Apple's iPod(R) can communicate with 

accessories via wired or wireless connections, for example by 
using a serial protocol when they connect. A standard inter 
face provided by Apple is referred to as the iPod R. Accessory 
Protocol (iAP). The protocol includes a core protocol func 
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tionality and one or more accessory lingoes, including for 
example a display remote lingo, an RF tuner lingo, and an 
extended interface lingo. 

Media assets (sometimes referred to simply as assets) can 
include any type of media content that can be stored in digital 
form and experienced by a user. Examples include Songs, 
podcasts, audiobooks, video clips, movies, recorded televi 
sion or radio broadcasts, photographs, slide shows, other still 
images, and so on. Where the media assets include music, the 
individual items are sometimes referred to as “tracks” and 
certain pre-defined collections of tracks are sometimes 
referred to as “albums. User-defined collections of tracks are 
sometimes referred to as “playlists.” 
Media assets sometimes have associated metadata. Meta 

data can include any data descriptive of one or more charac 
teristics of that asset. For instance, metadata may include 
inherent attributes of the asset as well as attributes taken on 
during the time after the asset is first stored in the PMD. 
Again, in the context of music tracks and albums, examples of 
inherent (although possibly changeable by the user) metadata 
for an asset stored in the PMD can include media type (e.g., 
music, video, photo, audiobook, podcast, etc.), trackID, track 
number, track count, track name, artist, album, genre and Sub 
genre classification, digital encoding information (encoding 
algorithm, bit rate, Sample rate), size, total time, date modi 
fied, date added, persistent ID, track type, file type, file cre 
ator, location. 
Some of the metadata may have been generated at the time 

of encoding the media asset itself and may be stored in the 
media asset file and made available for asset management 
applications. Examples of metadata that can be specified by 
the user, or automatically created and updated based on user 
actions include user-supplied rating, playlist(s) to which the 
user has assigned the asset, play count, play date, play date 
UTC. 

Users can acquire media assets for use by an MMA in a 
number of ways. They can digitize and import analog ver 
sions from tapes or phonograph records they own, they can 
import digital versions from CDs they own, or they can pur 
chase digital copies from on-line sources of already encoded 
media assets. Apple Inc. maintains the iTunes(R Store that 
allows customers to download audio tracks and albums as 
well as other media assets. To the extent that it is fair use under 
appropriate copyright laws, users can also import audio and 
video obtained through cable, satellite, and over-the-air 
broadcast Sources. 

Embodiments provide methods and apparatus for the 
operation of a digital radio accessory and its communication 
with a media player. The accessory can be based on any 
digital radio technology that provides digital metadata (data 
that is transmitted along with the program audio and that is 
intended to describe or complement the audio program heard 
by the listener). Some specific embodiments are based on the 
IBOC Digital Radio Broadcasting Standard NRSC-5 or 
NRSC-5A, which is sometimes referred to as HD radio. How 
ever, the teachings of embodiments using HD radio are not 
limited to that environment. 

Furthermore, while one possible application contemplates 
a small accessory connected to a portable media player 
(“PMD), with headphones connected to the PMD or acces 
sory, other environments, such as integration with automobile 
Sound systems or other audio systems are contemplated. For 
definiteness, much of the description will be in terms of a 
PMD, but as mentioned above, the accessory can communi 
cate with other types of devices. 

FIG. 1 is a block diagram of a digital radio tuner accessory 
10 and a PMD 15 showing representative signals communi 
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8 
cated between them according to an embodiment. Signals can 
be communicated between the PMD and the accessory using 
any desired wired and/or wireless communications protocol 
or set of protocols. Wired connections can be connector-to 
connector or using intervening cables. The figure shows six 
signal communication paths. They can be separate paths or 
various Subsets can be multiplexed onto a common path. 
Different embodiments can have fewer or more signal paths. 
In Some embodiments, the set of communication paths can be 
provided by a multi-pin connector. In some embodiments, 
Some signals can have dedicated pins and others can share one 
or more pins. 
The main functionality of accessory 10 is to receive AM 

and/or FM radio signals from an antenna or cable (an antenna 
20 is shown), and to provide digital radio programming (if 
present) to the listener. As is well known, a single FM station 
(characterized in the U.S. by a 200-KHZ band) may carry a 
number of digital radio program services, where each digital 
radio program service can include audio and data. The digital 
radio program services can be in addition to or instead of what 
would normally be thought of as regular analog audio (i.e., the 
signals that can be received by a conventional AM or FM 
receiver). 
As can be seen in FIG. 1, accessory 10 includes two blocks, 

a digital radio receiver 25 and an accessory control block 30 
labeled “Control Logic, DAC, A/D, etc.” The label is repre 
sentative, and in different embodiments, this block could 
include one or more controllers, processors, memory and 
other storage elements, discrete logic, and the like. While the 
presence of an A/D converter is inherent in implementations 
where an analog signal is being demodulated and digitally 
sampled, the digital-to-analog converter (“DAC) is optional. 
Its use will be discussed below. 

In some particular implementations, accessory 10 converts 
the digital radio audio signal to analog format and sends it as 
an analog signal to PMD 15. In some embodiments, the 
accessory provides the metadata as raw digital data, not 
parsed digital data; in these embodiments, it is the responsi 
bility of the PMD to parse the metadata. Examples of meta 
data include Station Information Service (“SIS) and Pro 
gram Service Data (“PSD) for embodiments based on IBOC 
Digital Radio Broadcasting Standard NRSC-5 or NRSC-5A. 
When the accessory is tuned to an FM station where the 

desired digital program service is not available, or the digital 
signal is of very poor quality, and where the station includes 
analog programming, the accessory can provide that ordinary 
analog audio to the PMD. This can be on the same path over 
which the accessory is currently unable to provide digital 
radio audio. To the extent that the ordinary FM broadcast 
includes RDS digital data, the accessory can provide that as 
well. 

FIG. 1 also shows a bidirectional digital command and 
control data line between the accessory and the PMD. In a 
specific implementation, where the PMD is an iPodR, the 
PMD and the accessory communicate using the iPodR 
Accessory Protocol (iAP), but other embodiments can use 
other communications protocols. In embodiments, the PMD 
and the accessory exchange commands belonging to one or 
more accessory lingoes, but the use of accessory lingoes is not 
limited to embodiments using iAP. In specific embodiments, 
the lingoes include an RF tuner lingo, extended to Support 
digital radio (and in particular HD radio) as will be discussed 
in detail below. 

Further, shown as a dashed line from the PMD to the 
accessory, is an analog audio loop-back. As will be discussed 
below, in some implementations, the accessory has an audio 
out connector and can play back received audio, either 
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directly out of the accessory, or in the case of audio loop-back, 
analog audio that has been conditioned or manipulated and 
sent back by the PMD. 
As can be seen in FIG. 1, PMD 15 includes four blocks, a 

digital radio application and associated program memory 35, 
a block 40 shown as including a metadata parser, a GUI 
engine, and a playback engine, media and metadata storage 
45, and a PMD control block 50 labeled “Control Logic, 
DAC, A/D, etc.” In at least some embodiments, the PMD is 
processor-based, with various features implemented in Soft 
ware. The digital radio application can be one of many appli 
cations stored in and run by one or more processors in the 
PMD. 

Embodiments make the digital radio application available 
to the user, e.g., through selection of a “radio' menu item, 
only when a digital radio tuner accessory is connected. In 
other embodiments, the digital radio application can be made 
available at all times for radio metadata management. 
Depending on the digital radio application and user prefer 
ences, selection of the “radio' menu item can change the 
music source to radio broadcasts. 

In specific embodiments, an RFTunerlingo is used to pass 
control and state information between PMD 15 and accessory 
10. Normally the PMD is the master and the accessory 
responds to commands from the PMD. A representative set of 
commands allows the PMD to initiate actions such as con 
trolling accessory power, setting the accessory's tuning band 
and frequency, initiating up or down frequency scans, and the 
like. The PMD can also store station frequencies and other 
accessory state information, as will be discussed in detail 
below. 

The playback engine is the primary component responsible 
for audio and/or visual playback of stored media assets or 
streamed media. In the context of this application, the play 
back engine operates to output audio corresponding to the 
received digital radio programming. While Some aspects of 
the playback engine can be implemented in Software, some 
embodiments use a dedicated playback engine capable of 
amplification and digital-to-analog conversion. 
The GUI engine can interact with user input devices and a 

display to provide a graphical user interface, allowing a user 
to control operation of PMD 15. The GUI engine (and the 
playback engine) can be implemented, for example, in pro 
gram code (software or firmware) stored in PMD 15 and 
running on a processor, inhardware, or in combinations of the 
tWO. 

The metadata parser receives raw digital radio data from 
the accessory, and provides parsed data to the digital radio 
application. In some embodiments, the metadata parser also 
parses RDS data accompanying ordinary analog radio pro 
gramming. In other embodiments, the accessory parses the 
RDS data. 
The interaction with the accessory is controlled by digital 

radio application 35, which communicates with one or more 
of the GUI engine, the playback engine, and the metadata 
parser. The digital radio application can provide a number of 
functions, including controlling the tuning and playback of 
digital and other radio programs, and providing the user with 
the ability to extract and save digital radio metadata (and 
possibly also RDS data) for particularly favored content as it 
is being played. This is referred to as "tagging as will be 
described in greater detail below. 

Media and metadata storage 45, as the name implies, stores 
media assets and metadata. For PMD operations other than 
use with the digital radio accessory, the metadata can be 
directly associated with the stored media assets, as for 
example in an iTunes(R library maintained by the iTunes(R) 
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10 
MMA. In the context of operation with the digital radio acces 
sory, the media and metadata storage can also store digital 
radio metadata (and/or RDS data). Also, as will be discussed 
below, incoming radio audio may become part of the stored 
media assets, at least temporarily. Digital radio application 35 
also interacts with the stored media assets and metadata. 

FIG. 2 is a block diagram of digital radio tuner accessory 10 
and PMD 15 showing possible additional details of some of 
the elements shown in FIG.1. The figure shows a number of 
signal paths connecting the different elements in the acces 
sory and the PMD, but these are merely representative. For 
example, the particular connections and their indicated direc 
tions are presented to facilitate describing specific transac 
tions and relations. There may be fewer or more connections, 
and their directionality may differ in specific implementa 
tions. Furthermore, while the connections are shown as point 
to point (i.e., private buses), some embodiments can benefit 
by the use of common buses to connect various of the ele 
mentS. 

Accessory 10 has at least a PMD interface 55 and an 
antenna/cable interface 60. Additionally the accessory can 
have a user interface 65 and/or an audio out interface 70 that 
is separate from the PMD interface. The accessory’s digital 
radio receiver 25 has an associated data extraction engine 75 
and an audio extraction engine 80. 
The data extraction engine output is passed to a command 

and packet engine 85, which formats the metadata and sends 
it to PMD interface 55. As mentioned above, the communi 
cation can be by way of commands using the RF tuner lingo, 
extended to support digital radio Such as HD radio. As shown, 
the output from the audio extraction engine is also provided to 
the PMD interface. Commands from the PMD to the receiver 
and other control signals from the PMD are received at the 
PMD interface by receiver command and control logic 90. 
and provided to the digital radio receiver. 

Also shown in phantom is an optional metadata parser 95. 
As mentioned above, Some embodiments have the accessory 
send raw digital radio data to the PMD, but if a parser is 
provided, it is the parser's output rather than the data extrac 
tion engine's output that is sent to PMD interface 55. Optional 
user interface 65, if provided, can include, for example, a 
display, or buttons or other input elements to control the 
accessory or the PMD. 

There are at least two possibilities as to how the accesso 
ry's separate audio out interface 70 can be used. One possi 
bility, alluded to above, is that the audio extraction engine 
sends the digital radio audio (in digital form or as having been 
converted to analog form) to PMD interface 55. It is thus 
communicated to the PMD, which then performs some con 
ditioning or manipulation on the digital radio audio before 
sending it back to the accessory for output. Alternatively, the 
accessory can send the digital radio audio (after converting it 
to analog form) directly to audio out interface 70 for possible 
connection to headphones or a speaker system. 
As mentioned above, in Some embodiments, it is preferred 

to have the accessory decode the digital audio signal and 
convert it to analog form. This relieves the PMD of having to 
do this task. In embodiments where it is digital, not analog, 
audio that is sent to the PMD, the PMD can do the decoding 
and digital-to-analog conversion and send it back to the 
accessory for playback. In some embodiments, the digital 
radio audio is only provided to the accessory's audio out 
interface and is not sent to the PMD. 
A processor and storage are not shown explicitly, but one or 

more of the data extraction engine, the digital radio receiver, 
the audio extraction engine, the metadata parser (if provided), 
the command and packet engine, and the receiver command 
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and control can have associated Storage, and one or more can 
be processor-based. That is, Some of the processes can be 
implemented in Software running on a processor, which can 
be a conventional microprocessor or microcontroller, while 
Some can be implemented in hardware or a combination of 
hardware and software. Other embodiments can be imple 
mented with other types of controller circuitry Such as com 
binatorial logic. 
As shown in FIG. 2, PMD 15 includes a number of inter 

faces, including an accessory interface 100, an input device 
interface 105 with one or more associated input devices, a 
display interface 110 with an associated display, and an audio 
out interface 115. Signals are communicated between the 
accessory’s PMD interface 55 and the PMD's accessory 
interface 100 via any desired communications protocol, 
which can be wired or wireless, with or without intervening 
cables. Block 40 of FIG. 1 is broken out as a metadata parser 
120, a GUI engine 125, and a playback engine 130. 

Digital radio application 35 is shown stored in program 
memory and running on a processor 135, and communicating 
with metadata parser 120, with GUI engine 125, with play 
back engine 130, with a command and packet engine 140, and 
with media and metadata storage 45, which is broken out into 
three components 45a, 45b, and 45c. The first component 45a 
is used to store current station information and other metadata 
representing current program information (e.g., artist, Song 
title). The component block 45b is used to store cumulative 
radio-related metadata, such as databases relating to addi 
tional listened-to stations and program information, as well as 
metadata associated with non-radio-related Stored media 
assets. The third component 45c is used to store the non 
radio-related media assets, and possibly radio-related media 
aSSetS. 

Embodiments can be implemented with many different 
types of processor. Many PMDs use an embedded processor 
such as processors using the ARM architecture (a RISC archi 
tecture designed by ARM Limited). Digital radio application 
35’s program memory and media and metadata storage com 
ponents 45a, 45b, and 45c can be considered elements of a 
storage subsystem. The storage Subsystem can include vari 
ous types of storage media, and stores the basic programming 
and data constructs that provide at least Some of the function 
ality of PMD 15. These can include for example, a memory 
Subsystem and a file storage subsystem. 
The memory Subsystem typically includes a number of 

memories including a main random access memory (RAM) 
for storage of instructions and data during program execution 
and a non-volatile memory (NVM) in which fixed instruc 
tions and fixed system parameters are stored. While the non 
volatile memory may be a ROM, rewritable non-volatile 
memories such as flash EPROMs may be used. The file stor 
age Subsystem provides persistent (non-volatile) storage for 
program and data files, and may include one or hard disk 
drives and/or flash memory drives. Additionally the file stor 
age Subsystem may support associated removable media, e.g., 
flash memory cards such as those used in digital cameras and 
mobile phones. Possible types of flash memory cards include 
but are not limited to Secure Digital (SD), CompactFlash 
(CF), Memory Stick (MS), MultiMediaCard (MMC) xD 
Picture Card (xD), and SmartMedia (SM). 

Accessory interface 100 can be part of a larger I/O inter 
face, which can include components for communicating with 
elements other than accessory 10, Such as one or more host 
computers or one or more networks. The I/O interface can 
include, for example, one or more peripheral interfaces Such 
as USB, IEEE 1394 (Firewire), and Bluetooth (a short-range 
wireless communication standard developed by the Blue 
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tooth SIG and licensed under the trademark Bluetooth R). The 
I/O interface may also or alternatively include one or more 
wired networking interfaces (e.g., Ethernet) or wireless net 
working interfaces (e.g., Wi-Fi adhering to one of the 802.11 
family standards, digital mobile phone technologies). In 
Some embodiments (possibly the same as those above, but 
possibly different embodiments) the I/O interface can have 
the ability to couple PMD 15 with a source of media assets 
(e.g., via a wireless connection to the Internet) so that the 
PMD can obtain media assets without connecting to a host 
computer. 

During operation, control of the accessory is effected by 
activating command and packet engine 140, which formats 
Suitable commands and sends them to accessory interface 
100. Incoming raw digital radio metadata (or raw RDS meta 
data) is processed by metadata parser 120, which extracts at 
least the current station and possibly additional metadata 
regarding the program that is playing. The PMD can include, 
as a part of the digital radio application, station list and meta 
data storage so that the user can select previously encountered 
stations. In a particular implementation, the digital radio 
audio is provided as analog audio, and is communicated to the 
playback engine, being output on audio out interface 115. 
External speakers, a set of headphones, or the like can be 
connected to the audio out interface. 

Playback engine 130 can be of conventional design. In 
Some embodiments, the playback engine can provide USB 
digital audio as well as analog audio. A typical architecture 
can include a decoder, a multiplier, a digital-to-analog con 
verter (“D/A converter” or “DAC), and a preamplifier. The 
decoder and multiplier can be implemented in hardware or 
software, while the DAC and preamplifier are by nature hard 
ware elements. A conventional decoder is designed to decode 
audio files or streams informats such as MP3 and AAC. If the 
accessory receives the digital radio audio in digital format, 
playback engine 130, or some other entity on the accessory, 
operates to decode the digital radio audio. 
GUI engine 125 can interact with the display that is 

coupled to display interface 110, and with the user input 
device or devices that are coupled to user input device inter 
face 105 to provide a graphical user interface, allowing a user 
to control operation of PMD 15. GUI engine 125 can control 
the display to present user interface elements such as text 
menus, icons or the like, and user input devices can be oper 
ated by a user to interact with the displayed user interface 
elements (e.g., selecting or activating an element, thereby 
giving an instruction to the PMD). 
The user input devices can include Such elements as scroll 

wheels, buttons, keyboards; pointing devices such as mice, 
trackballs, touchpads, or graphics tablets; Scanners, barcode 
scanners; touchscreens incorporated into displays; audio 
input devices such as Voice recognition systems, micro 
phones, and other types of input devices. In general, use of the 
term “user input device' is intended to include all possible 
types of devices and ways for a user to input information into 
PMD 15. Additional types of input devices could be motion 
detectors such as accelerometers that can respond to a user's 
actually moving the device. In the case of a portable device, 
for example, a clockwise (or counterclockwise) twist of the 
wrist can be interpreted in a manner analogous to a clockwise 
(or counterclockwise) actuation of a scroll wheel or a knob. 

Digital radio programming provides two main aspects, 
either or both of which can be important to the listener. The 
digital audio channel can provide enhanced audio quality 
(possibly near-CD-quality from some digital radio FM broad 
casts). The digital radio metadata channel can provide 
enhanced program management and selection capabilities. 
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For example, when a listener particularly likes a track or a 
program, knowing the artist or the song title facilitates the 
user's obtaining access to that song or other songs by that 
artist in the future. 

Further, since the digital radio metadata is available to the 
PMD, the user can activate a control on the PMD or the 
accessory and “tag” the program content, that is, capture the 
metadata associated with that track. The user can then easily 
search on-line content providers, and purchase the content 
from a provider having that content. 

Depending on the digital radio application and the user's 
preferences, the amount of digital radio metadata stored in 
media and metadata storage 45 can be allowed to include all 
the digital radio metadata that is acquired while the accessory 
is in use, possibly limited only by storage capability. Alter 
natively, it can be limited in various ways, for example, to 
metadata that is stored in response to an explicit tagging 
request, or to metadata for each station corresponding to the 
last Ntracks (e.g. N=20) received while the user was listening 
to that station. 

This gives the user the ability to search the metadata later. 
As an additional function, in Some embodiments, the digital 
radio application can record the incoming digital radio audio. 
This can be of benefit if the user is not sure what tracks to tag 
at the time of listening to them, but decides later to tag 
metadata for Subsequent acquisition. To Support this func 
tionality, the digital radio application can limit the data Stor 
age requirements by recording each track at low fidelity, or 
only for a short period of the tracks duration. This would still 
give the user a thumbnail sketch or preview of the track. 

U.S. patent application Ser. No. 1 1/961,904, filed Dec. 20, 
2007 for "Communicating and Storing Information Associ 
ated with Media Broadcasts” (inventors Jesse Lee Doro 
gusker et al.) describes how a PMD and/or an accessory 
coupled thereto can be used to collect and store information 
about broadcast content received by the PMD and/or acces 
sory. The collected information, referred to as a “tag” can 
encompass any type of data that facilitates identification of a 
particular broadcast track (e.g., a song in the case of music 
broadcasts, a podcast, an episode of a TV program, or the 
like). The entire disclosure of U.S. patent application Ser. No. 
11/961,904 is incorporated by reference. 

FIG. 3A is a is a block diagram of a digital radio tuner 
accessory 10 and a PMD 15 showing possible audio paths that 
can be present in accessories and PMDs such as those shown 
in FIG. 1 or FIG. 2. FIG. 3B is a is a block diagram showing 
additional details of the digital radio receiver 25 shown in 
FIG. 3A. In this particular implementation, the accessory 
converts the audio from the digital radio broadcast to analog 
form before sending it to the PMD. As shown in FIG.3B, the 
digital radio receiver includes a tuner 145 and a digital radio 
decoder 150. Elements corresponding generally to data 
extraction engine 75 and audio extraction engine 80 are not 
explicitly shown. 

Digital radio decoder 150 provides raw digital metadata, as 
well as digital audio. The digital radio decoder can also pro 
vide RDS data for ordinary analog stations that support RDS. 
For specific embodiments based on IBOC Digital Radio 
Broadcasting Standard NRSC-5 or NRSC-5A, the metadata 
includes SIS and PSD. 
The decoded digital audio is communicated to a DAC 155, 

which converts the digital audio to analog audio, which is 
communicated to accessory 10 through the PMD and acces 
sory interfaces shown in FIG. 2. The analog audio signal is 
split by an audio demultiplexer 160, with the different outputs 
possibly subjected to different amplification and other con 
ditioning. Two of the outputs are shown as being output from 
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PMD 15 to provide the capability of driving, for example, 
headphones or external speakers. A third output is shown as 
being fed back to accessory 10 and separately amplified by an 
amplifier 165 for output from the accessory, again providing 
the capability of driving, for example, headphones or external 
speakers. 
The various control and processing elements shown in 

FIG. 1 and FIG. 2 are only shown at a high level (a controller 
170 in accessory 10; a controller 175 and an application/user 
interface block 180 in PMD 15). FIG. 3A also shows a direct 
path (drawn in phantom) from digital radio receiver 25 to 
amplifier 165. This illustrates the possibility that in some 
embodiments, the analog audio can be output directly from 
the accessory without being looped back from the PMD. The 
analog audio can also be sent to the PMD, or not. 
As shown in FIG. 3B, digital radio receiver 25 provides a 

bypass for the analog audio to accommodate the possibility 
that the station to which tuner 145 is tuned does not provide 
digital audio, or that the digital audio signal is too weak to be 
useful. The bypass can be implemented with audio Switching 
elements (not shown) that can be controlled by the digital 
radio application in the PMD. 
The following description covers a particular example of 

digital radio setup, tuning, and service info/data notification/ 
retrieval. The specific environment is where the digital radio 
is compliant with the NRSC-5 or NRSC-5A standard, and 
references are made to HD programs and the like. This is not 
intended to be limiting since the techniques can be used for 
other digital radio technologies. 

Also, the particular mechanism described for the PMD's 
ascertaining the accessory’s capabilities is for the PMD to 
interrogate the accessory and for the accessory to send a reply 
with its capabilities. In other embodiments, the accessory 
sends the PMD its capabilities when initial communications 
are established. Similarly, in embodiments, the PMD can 
provide transaction identifiers for commands that it sends to 
the accessory, and the accessory provides the transaction 
identifier when it responds to a particular command. This 
allows the accessory to respond to commands out-of-order 
and have the PMD properly account for them. 

U.S. patent application Ser. No. 1 1/479.308, filed Jun. 30, 
2006 for “Connector Interface System Facilitating Commu 
nication Between a Media Player and Accessories” (inventors 
Emily C. Schubert et al.), now U.S. Pat. No. 7.293,122 issued 
Nov. 6, 2007, describes how command lingoes can be used in 
connection with communications between a PMD and an 
accessory. The entire disclosure of U.S. patent application 
Ser. No. 1 1/479.308 (now U.S. Pat. No. 7,293,122) is incor 
porated by reference. 

U.S. patent application Ser. No. 11/519,386, filed Sep. 11, 
2006 for “Method and System for Controlling an Accessory 
Having a Tuner” (inventors Lawrence G. Bolton et al.), now 
U.S. Pat. No. 7,441,058 issued Oct. 21, 2008 describes com 
munications between a PMD and an accessory having an RF 
tuner. The entire disclosure of U.S. patent application Ser. No. 
11/519,386 (now U.S. Pat. No. 7,441,058) is incorporated by 
reference. 

Additional details about the specific commands are set 
forth below near the end of the description. 

FIG. 4 is a flowchart showing an exemplary exchange of 
commands between PMD 15 and accessory 10 during HD 
radio setup according to an embodiment. It should be under 
stood that this description is in terms of a very specific com 
mand set, and other command sets and syntaxes can also be 
used. In this example, the instructions are based on the RF 
tuner lingo described above. 
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At a block185, the PMD sends a command to the accessory 
to request the RF tuner's capabilities. At a block 190, the 
accessory responds to the command by sending a command, 
which includes data (e.g., a 32-bit data field) indicating the 
accessory’s capabilities. In a specific implementation, the 
data field can include values such as FM band U.S., HD radio, 
tuner power control, status change notification, FM resolu 
tion 200 kHz, tuner seek capable, tuner seek RSSI threshold 
capable, force monophonic mode capable, Stereo blend 
capable, FM tuner deemphasis select capable, AM resolution 
10 kHz, RDS/RBDS data capable, tuner channel RSSI indi 
cation capable, Stereo Source indicator capable. 

At a block 195, the PMD sends a command to the accessory 
with data specifying the control parameter values to set. For 
example, the command can include values such as turn power 
on, status change notification off raw mode on. At a block 
200, the accessory responds to the command by sending an 
acknowledgment (ACK) command to the PMD. 

At a block 205, the PMD sends a command to the accessory 
with data specifying notification of a desired type or types of 
data. For example, the data can specify notification when SIS 
or PSD raw data is available. At a block 210, the accessory 
responds to the command by sending an ACK command. At a 
block 215, the PMD sends a command to the accessory with 
data specifying parameter values for a desired mode of opera 
tion. For example, the command can include values such as 
FM tuner resolution 200kHz, stereo allowed, no stereo blend, 
FM tuner deemphasis 75 us, AM tuner resolution 10 kHz. At 
a block 220, the accessory responds to the command by 
sending an ACK command to the PMD. At this point, the 
accessory has been configured and awaits further commands 
(block 225). 

FIG. 5 is a flowchart showing an exemplary exchange of 
commands between PMD 15 and accessory 10 during HD 
radio tuning according to an embodiment. At a block 230, the 
PMD sends a command to the accessory with data specifying 
the tuner band to set. For example, the data can include a 
parameter value specifying tuning to the FMU.S. band. At a 
block 235, the accessory responds to the command by send 
ing an ACK command to the PMD. 

At a block 240, the PMD sends a command to the accessory 
with data specifying the frequency to be tuned. For example, 
the data can specify tuning to 97.7 MHz. At a block 245, the 
accessory responds to the command by sending a command 
to the PMD with data specifying the frequency and a particu 
lar RSSI threshold level. For example, the accessory can 
return 97.7 MHz with an RSSI level of 31. 
At a block 250, the PMD sends a command to the accessory 

with data specifying a desired RSSI threshold value, for 
example 8. At a block 255, the accessory responds to the 
command by sending an ACK command to the PMD. At a 
block 260, the PMD sends a command to the accessory with 
data specifying the type of seek to start. For example, the 
command can specify starting the tuner seek up from current 
frequency while checking for RSSI threshold. 

In a particular implementation, the command specifying 
the type of seek to start can specify seeking in any of the 
following sixteen ways (eight ways, each either with or with 
out using an RSSI threshold): 

Seek up from beginning of band using or not using an RSSI 
threshold. 

Seek down from end of band using or not using an RSSI 
threshold. 

Seek up from current frequency using or not using an RSSI 
threshold. 

Seek down from current frequency using or not using an 
RSSI threshold. 
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16 
Seek up from beginning of band for an HD signal using or 

not using an RSSI threshold. 
Seek down from end of band for an HD signal using or not 

using an RSSI threshold. 
Seek up from current frequency for an HD signal using or 

not using an RSSI threshold. 
Seek down from current frequency for an HD signal using 

or not using an RSSI threshold. 
In the particular implementation, a seek operation using an 

RSSI threshold completes when either of two conditions is 
satisfied: 
A channel was located within the band that satisfies the 
minimum RSSI threshold level. 

No channel was located within the band that satisfies the 
minimum the RSSI threshold level. The seek has tra 
versed the entire band and wrapped back to the begin 
ning tuner frequency without locating a valid channel. If 
no channel is found, it may indicate that the threshold is 
too high for the current radio reception area. 

In the particular implementation, a seek operation not 
using RSSI threshold completes when either of two condi 
tions is satisfied: 
A channel was located within the band that satisfies the 

criteria of the tuner's seek function. This may result in 
moving one or more channel spacings and wrapping 
around at the band ends. 

No channel was located within the band that satisfies the 
criteria of the tuner's seek function and the seek has 
traversed the entire band and wrapped back to the begin 
ning tuner frequency without locating a valid channel. 

In the particular implementation, an HD seek operation 
skips non-HD channels and stops only on channels with HD 
signals present. The seek completes when either of two con 
ditions is satisfied: 
An HD channel was located within the band that satisfies 

the criteria of the tuner's seek function. This may result 
in moving one or more channel spacings and wrapping 
around at the band ends. 

No HD channel was located within the band that satisfies 
the criteria of the tuner's seek function and the seek has 
traversed the entire band and wrapped back to the begin 
ning tuner frequency without locating a valid HD chan 
nel. 

In an alternative implementation, a mode specifying 
whether Subsequent seek operations are to return only radio 
stations providing digital audio content or return all radio 
stations. In this alternative implementation, the seek com 
mands can then be structured without separate indications 
whether only digital audio stations are to be sought. 
At a block 265, the accessory responds to the command by 

sending an ACK command to the PMD. At a block 270, the 
accessory sends a command to the PMD with data specifying 
the tuned frequency and RSSI value. For example, the acces 
sory can return 106.9 MHz withan RSSI threshold level of 30. 
At a block 275, the PMD sends a command to the accessory 

to request the number of HD program services available for 
that frequency. In a particular implementation, the command 
also requests an indication whether analog programming is 
also available. At a block 280, the accessory responds to the 
command by sending a command to the PMD with data 
specifying the number of HD program services available for 
that frequency and whether analog programming is available. 
At a block 285, the PMD sends a command to the accessory 

with data specifying a desired program service. At a block 
290, the accessory responds to the command by starting 
decoding and playback of the specified HD program service. 
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FIG. 6 is a flowchart showing an exemplary exchange of 
commands between PMD 15 and accessory 10 during notifi 
cation and retrieval of HD information and data according to 
an embodiment. At a block 295, the PMD sends a command 
to the accessory with data specifying notification for a spe 
cific type or types of raw data. At a block 300, the accessory 
responds to the command by sending an ACK command to 
the PMD. This sequence of blocks was described above in 
connection with the HD radio setup shown in FIG. 4. Depend 
ing on the circumstances, these blocks can be eliminated if the 
notifications are known to have already been set. 

At a series of blocks 305(1 ... n), the accessory sends a 
series of one or more commands to the PMD with data speci 
fying the types of raw data available. For example, an exem 
plary series of four notifications can be SIS raw mode data 
received, PSD raw mode data received for program 1, PSD 
raw mode data received for program 2, and PSD raw mode 
data received for program 3. 

At a block 310, the PMD sends a command to the accessory 
specifying returning HD raw data ready status. At a block 
315, the accessory responds to the command by sending a 
command to the PMD with data specifying which types of 
HD raw data are available. For example, the data can signify 
that SIS and PSD raw data are available. 

At a block 320, the PMD sends a command to the accessory 
with data specifying a particular form of HD raw data to send. 
At a block 325, the accessory responds to the command by 
sending a command to the PMD along with particular form of 
HD raw data requested. This can be followed by a series of 
one or more blocks 330(1 ... n.) where the PMD and the 
accessory engage in a series of one or more HD data-request/ 
data-return interchanges. 

At a block 335, the PMD sends a command to the accessory 
specifying returning HD raw data ready status. At a block 
340, the accessory responds to the command by sending a 
command to the PMD with data signifying the types of HD 
raw data available. This can then be followed by a series of 
one or more blocks 345(1 ... n.) where the PMD and the 
accessory engage in a series of one or more HD data-request/ 
data-return interchanges. 

At a block350, the PMD sends a command to the accessory 
specifying returning HD raw data ready status. At a block 
355, the accessory responds to the command by sending a 
command to the PMD with data signifying which types of HD 
raw data are available. In the specific illustrated sequence, the 
data signifies that no more HD raw data is available. 

Accessory 10 in cooperation with PMD 15 can be config 
ured to generate station lists so that users can know ahead of 
time what stations are available for selection. According to 
embodiments, a user can specify a list of all stations, or a list 
of all stations having digital programming (i.e., a “digital 
only” list). A station list can be generated in response to 
specific commands, or under other conditions that can be set 
by userpreference. For example, a user wishing to listento the 
radio can set a preference that generates a station list every 
time the accessory is turned on. This can be done in a manner 
that can maintain a further preference that the default station 
is the last station to which the accessory was tuned. 

Embodiments recognize that different users have different 
reasons for preferring digital radio. One user's preference for 
digital radio can arise solely out of the desire to listen to 
digital audio because of its Superior quality. On the other 
hand, another user's preference can arise solely out of the 
desire for the tagging capability that arises from returned 
metadata. From this latter user's point of view, an ordinary 
analog station with RDS capability has the same value as a 
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digital station. Accordingly, in some embodiments, the user 
can specify a preference for a digital and/or RDS station list. 

FIG. 7 is a flowchart showing an exemplary method of 
generating a station list according an embodiment. The 
method provides the user a choice of a digital-only list or an 
all-inclusive list. The method begins in response to a com 
mand to generate a station list. At a test block 360, it is 
determined whether the station list is to include only digital 
stations or all stations. In the present context, the definition of 
'digital station' can depend on a user preference that defines 
ordinary analog stations with RDS capability as digital for the 
purpose of this test. Depending on this preference, ordinary 
analog stations with RDS capability will be included in or 
excluded from the digital-only test. 

If attest block 360 it is determined that the station list is to 
include digital stations only, the method proceeds down the 
branch on the right side of the figure. At a block 365, the 
accessory’s tuner seeks the next digital station, and at a block 
370, the station is added to the list. At a test block 375, it is 
determined whetherall the stations have been found. This will 
be true, for example, if the search started at one end of the 
entire tuning band and the other end of the tuning band is 
reached. Similarly, this will be true if the search started at a 
given frequency and the tuner has searched to the end of the 
band, looped around, and reached the given frequency. If at 
test block 375, it is determined that all stations have been 
found, the method branches to a block 380, denoted "Return 
List.” If all the stations have not yet been found, the method 
loops back to block 365 to seek the next station. 
The description above does not explicitly address the deter 

mination of what digital programming is available at each 
digital station, nor does it address the available metadata 
(digital radio or RDS, if applicable). While some embodi 
ments can provide the specifics of the digital programming at 
each digital radio station (e.g., by performing methods along 
the lines of those discussed in connection with FIG. 6), others 
can leave that determination to be made in response to addi 
tional commands after the entire station list has been gener 
ated. Whether such information is sent from accessory 10 to 
PMD 15 as parsed data or raw data is a matter of design 
choice. 

Ifattest360 it is determined that the station list is to include 
all stations, the method proceeds down the branch on the left 
side of the figure. At a block 385, the accessory’s tuner seeks 
the next station of any type (digital or ordinary analog), and at 
a block 390, the station is added to the list. At a test block 395, 
it is determined whetherall the stations have been found. This 
can be accomplished in a manner along the lines of the deter 
mination discussed above with respect to test block 375. If at 
test block 375, it is determined that all stations have been 
found, the method branches to block 380 (“Return List”). If 
all the stations have not yet been found, the method loops 
back to block 385 to seek the next station. 
The manner in which the list is built up depends on the 

implementation. Two implementations will now be described 
in connection with FIGS. 8A and 8B. FIG. 8A is a flowchart 
showing additional details of selected portions of the flow 
chart of FIG. 7 according to one implementation. As dis 
cussed above, both branches of the method of generating a 
station list include blocks of seeking the next station (digital 
or any, depending on the branch) and adding the station to the 
station list. The implementation of FIG. 8A can be based on 
the tuner lingo that includes the commands discussed above. 
The flowchart shown in FIG. 8A is simplified in that it does 

not include ACK commands and the like sent by accessory 10 
by PMD 15 in response to commands sent by the PMD. At an 
optional block 400, the PMD sends a command to the acces 
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sory specifying the initial frequency. Then, at an optional 
block 405, the PMD sends a command specifying an RSSI 
value for the upcoming seek. At a block 410, the PMD sends 
a command specifying the particular type of Seek. As dis 
cussed above, there are 16 options for the command, and the 
type of seek will depend on which branch of FIG. 7 is being 
as well as other factors. 
At a block 415, the accessory, having found a station meet 

ing the seek criteria, sends a command to the PMD signifying 
completion of the seek, and further, as discussed above, pos 
sibly informing the PMD of the found frequency. At a block 
420, the PMD adds the found frequency to the station list, and 
starts the sequence again until the whole band has been 
scanned. The commands in blocks 400 and 405 are shown in 
parentheses, signifying that these blocks can be absent in 
some embodiments. For example, since the PMD knows that 
the purpose of the overall operation is to seek stations from 
one end of the band to another, it is not necessary in some 
embodiments to specify a starting frequency. However, if the 
accessory is set to start playing at the last station it was tuned 
to before being shut down, it can be useful to start the station 
list scan at that station and end when that station has been 
reached again. 

In some embodiments, the command to start a seek can 
specify, for example, seeking up from the beginning of the 
band on the first iteration, and seeking up from the current 
frequency on Subsequent iterations. As discussed above, in 
Some embodiments, a station list that is to include digital 
stations can also include information regarding all the pro 
gram services available at a digital stations frequency. For 
example, this information can be obtained using techniques 
along the lines shown in FIG. 6 using the command to request 
the number of HD program services available for that fre 
quency, and further using commands specifying the particular 
form of HD raw data to send. These blocks are not shown in 
FIG. 8A. 
The PMD can obtain this information in an interleaved 

manner, i.e., following receipt of each command specifying 
the tuned frequency and RSSI value with a command request 
ing the number of HD program services available (not shown) 
followed by Suitable commands (also not shown) specifying 
the particular form of HD raw data to send. Alternatively, the 
PMD can obtain the information after the basic station list has 
been set up. This can be set up as a userpreference. Addition 
ally, the amount of information obtained on a given pass can 
be determined by user preference. A given user can decide 
that a station list with all the stations and the number of digital 
program services at each station is Sufficient. Another user 
can decide that a station list should include all the information 
about every program service. The user's preferences can 
influence the speed and manner in which the program list is 
presented. 

FIG. 8B is a flowchart showing additional details of 
selected portions of the flowchart of FIG. 7 according to 
another implementation. As discussed above, both branches 
of the method of generating a station list include blocks of 
seeking the next station (digital or any, depending on the 
branch) and adding the station to the station list. The imple 
mentation of FIG.8B can be based on a set of commands that 
includes a command, designated “ScanStart” wherein PMD 
15 commands accessory 10 to execute a sequence of seek 
operations without requiring separate commands from the 
PMD. While the lingo implementation described above, and 
in greater detail below, does not include such a command, 
other lingo implementations can. 

At a block 425, the PMD sends a ScanStart command to the 
accessory, and the accessory begins the scan and reports back 
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to the PMD. For example, at a sequence of blocks 430, the 
accessory returns the next station and the PMD adds it to the 
list. For simplicity, these two operations are shown as a single 
block. This sequence continues until a block 435, where the 
accessory returns the penultimate station in the list, and a 
block 440, where the accessory returns the last station in the 
list. The accessory can flag the returned frequency as the last 
in the scan if it delays sending a result until it has done another 
seek. Otherwise, the accessory can return a result that signi 
fies that it has reached the end of the scan, i.e., that the 
previous returned frequency was the last. 
The discussion in connection with FIG. 8A simplementa 

tion of providing additional program service information for 
digital stations applies here as well. That is, the extra infor 
mation can be obtained at each station stop or it can be 
obtained in a subsequent scan. Although FIG. 8B shows the 
PMD adding each station to the list after the accessory returns 
the frequency, alternative embodiments can have the acces 
sory store the entire listin its local storage, and then return the 
whole list to the PMD. 
The following description deals with a representative RF 

tuner lingo configured to accommodate digital radio Such as 
HD radio. The commands include ones sent by the PMD to 
the accessory and ones sent by the accessory to the PMD. The 
commands sent by the PMD to the accessory can include 
commands for interrogating the accessory or for setting the 
accessory’s state parameters. The commands sent by the 
accessory to the PMD can include commands sent in response 
to specific commands from the PMD, commands alerting the 
PMD that previously requested data is available, or com 
mands alerting the PMD that some state parameters have 
changed. 
Commands can include data identifying the particular type 

of command. Commands sent from the accessory can include 
data relating to the command to which the accessory is 
responding. Commands can also include data, as described in 
Some of the examples above. It is convenient to describe some 
of the commands interms of what the PMD sends and how the 
accessory responds. In some instances, the PMD's sending a 
command is enabled by the PMD's having previously 
obtained information from the accessory that the accessory 
has the requisite capability to Support the command. 

In response to Some commands, the accessory can send an 
acknowledgment (ACK) command on completion of a 
command received from a PMD. An ACK command can 
include requested data or can be sent to indicate that a com 
mand that does not return any data has finished. In some 
implementations the ACK command can also be used to pro 
vide a failure indication. 
A number of commands can deal with tuning the accessory. 

The PMD can send a command to initiate seeking of a speci 
fied type. The accessory can send a command when a seek 
operation completes. The types of seek and the types ofter 
mination were discussed above in conjunction with the 
exchange of commands shown in FIG. 6. The command sent 
on completion can include the current tuner frequency, which 
is assumed to be the result of the seek operation, and possibly 
the current station's RSSI signal strength level. If an HD 
signal seek was requested, the tuner can be specified to tune to 
the next frequency containing HD content, but can be speci 
fied not to select an analog or HD program service. 
A number of commands can deal with the types of notifi 

cations the accessory is to provide, and this can be accom 
plished by setting appropriate masks in the accessory. When 
appropriate mask bits are set, corresponding notifications can 
be sent, asynchronously in at least Some circumstances. 
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The PMD can send a command to get an accessory’s cur 
rent RDS/RBDS data notification mask or HD data notifica 
tion mask. In response, the accessory can be specified to send 
a command with the RDS/RBDS or HD data notification 
mask. The PMD can send a command to set the accessory's 5 
RDS/RBDS data-ready notification mask or HD data-ready 
notification mask. 
Assuming appropriate notification mask bits are set, the 

accessory can send a command when RDS/RBDS data or HD 
data is ready. After a notification command is sent, the acces 
sory’s associated RDS/RBDS data-ready status bit or HD 
data-ready status bit can be specified to be cleared. In one 
implementation, only RDS/RDBS/HD-Radio raw mode is 
supported for HD Data. If raw mode is not enabled, the 
accessory can be specified not to send the command. PSD raw 
data is sent with the HD program the PSD data came from. 
The PMD can send a command to get the status notification 

mask from the accessory. This mask indicates which state 
changes will invoke a notification change command from the 20 
accessory. In response, the accessory can send a command to 
indicate which state changes will invoke a notification change 
command from the accessory. 
The PMD can send a command to set the status change 

notification mask. The status notification mask indicates 25 
which state changes will invoke a notification change com 
mand from the accessory. The accessory can send a command 
asynchronously to report each enabled status change. After a 
notification has been sent, the status bits can be specified to be 
automatically cleared so they are ready to receive the next 30 
status change. 
The lingo does not require that the PMD be constrained to 

wait for notifications. Rather, the PMD can send a command 
to get the accessory’s current RDS/RBDS data-ready status 
or current HD data-ready status. In response to Such a com- 35 
mand, the PMD can send a command that specifies which 
RDS/RBDS data values or HD data values are available to be 
read. 

In addition to queries regarding notification masks and the 
like, a number of the commands can deal with the PMD 40 
querying the accessory to find out configuration and state 
information. As noted above, the nature of Subsequent com 
mands can depend on the information obtained as a result of 
Such queries. The information sought and provided by com 
mands can include some or all of the accessory’s RF band, the 45 
accessory’s capabilities, the accessory’s control state, the 
current tuner frequency and signal strength threshold level. 
the current tuner mode state, the current tuner seek threshold 
value (representing the minimum signal strength that allows a 
tuner channel to be recognized during the seek process), and 50 
the current tuner status state. A few of these queries will be 
elaborated on below. 
The PMD can send a command to get an accessory’s RF 

band information. In response, the accessory can be specified 
to send a command to report its tuner band state. The acces- 55 
sory can send a command to query an attached accessory’s 
capabilities and determine what features the accessory Sup 
ports. In response, the accessory can be specified to send a 
command with a payload specifying its capabilities. Such as 
the band, control, mode, and status commands of the RF tuner 60 
lingo. 
The accessory can send a command to get or set an acces 

sory’s current accessory tuner frequency and signal strength 
level. In response, the accessory can be specified to send a 
command providing the appropriate values. In some imple- 65 
mentations, the tuner frequency can be expressed in kilohertz: 
for example, 76000 for 76.0 MHz, 87500 for 87.5 MHz, or 
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107900 for 107.9 MHz. Valid ranges are 87500 to 107900 for 
the European/U.S. FM band and 76000 to 89900 for the 
Japanese FM band. 
The PMD can send a command to obtain the accessory’s 

current tuner status state. In response, the accessory can be 
specified to send a command. The query can be used to poll 
the accessory’s status if the accessory does not support status 
change notifications. 
A number of commands can deal with setting the accessory 

state. The PMD can send a command to set the accessory’s 
tuner band. In response, the accessory can be specified to send 
the PMD an ACK command with the command status. The 
PMD can send a command to control an accessory’s state. In 
response, the accessory can be specified to return an ACK 
command with the command status. RF tuner state informa 
tion, such as tuner frequency, band, and so on, can be speci 
fied to be preserved by the accessory across tuner on and off 
cycles, assuming accessory power is available. 
The PMD can send a command to set the current tuner 

mode. In response, the accessory can be specified to send an 
RF tuner lingo ACK command with the command status. The 
PMD can send a command to set the accessory’s seek RSSI 
signal strength threshold. 
A number of commands can deal with getting RDS and/or 

digital radio (e.g., HD radio) data. The PMD can send a 
command to get raw or unprocessed RDS/RBDS data or raw 
HD data from an accessory that supports the RDS/RBDS or 
HD data capability. In response, the accessory can be speci 
fied to send a command when it has RDS/RBDS or HD data 
ready. Upon sending the command providing the data, the 
accessory can be specified to clear its internal RDS/RBDS or 
HD Data ready status for the data type being read (until the 
next data is ready). In the specific implementation of HD 
radio, PSD raw data is the PSD stream data embedded in one 
or more Audio Transport PDUs. One or more PSD raw data 
streams can make up the PSD PDU which can be parsed for 
ID3 tag data. Each PSD raw data comes from an Audio 
Transport PDU for a specific HD program which is indicated 
by the HD Program Index field. 
The PMD can send a command to get the count of HD 

program services broadcast at the current tuner frequency. In 
the accessory can be specified to send a command with the 
count of HD program services available. The command can 
also provide an indication whether the station has analog 
programming or not. 
The PMD can send a command to tune to an HD program 

service at the tuner frequency. The command can have a 
setting that disables all audio decoding and output. This 
allows the PMD to retrieve information for all available HD 
programs prior to selecting a program's audio to be decoded 
and output. 
The PMD can send a command to get the current tuned HD 

program service. In response, the accessory can be specified 
to send a command with the current HD program service. The 
returned value can be the tuned HD program service, also 
specifying if the analog program is currently tuned, orifaudio 
decoding and output is currently disabled due to a previous 
command or due to just having tuned to the stations fre 
quency. 

While the above is a complete description of specific 
embodiments, the above description should not be taken as 
limiting the Scope as defined by the claims. 
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What is claimed is: 
1. A method for use in an accessory having a radio receiver, 

the method comprising: 
in response to a command specifying a given digital radio 

program service having digital audio, tuning to a fre 
quency corresponding to the given digital radio program 
service; 

extracting digital information for the given digital radio 
program service; 

separating the digital information into the digital audio for 
the digital radio program service and metadata associ 
ated with the digital audio; 

converting the digital audio to an analog audio format 
before providing the audio to a first interface, wherein 
the first interface is an analog audio out interface of the 
accessory, 

providing the metadata at a second interface of the acces 
sory, wherein the second interface is distinct from the 
first interface; 

receiving an analog audio signal at a third interface of the 
accessory; and 

directing the analog audio signal to a fourth interface of the 
accessory, wherein the accessory has a media player 
interface configured for communicable coupling to a 
complementary accessory interface on a media player. 

2. The method of claim 1 
wherein the accessory’s audio out interface is associated 

with the accessory’s media player interface. 
3. The method of claim 2 wherein the audio out interface is 

complementary with and communicably coupled to an analog 
audio interface on the media player. 

4. A method for use in an accessory having a radio receiver, 
the method comprising: 

receiving a parsed-mode command from a media player 
communicably coupled to the accessory, the parsed 
mode command specifying that the accessory should 
provide parsed data to the media player; and 

in response to receiving the raw mode parsed-mode com 
mand: 
assembling data from received digital radio data; 
parsing the data; 
assembling a first data record from parsed digital radio 

data; and 
sending the first data record to the media player using a 

data transmission command. 
5. The method of claim 4 wherein the method includes, in 

response to receiving a raw-mode command: 
assembling a second data record from received digital 

radio data; and 
sending the second data record to the media player using 

the data transmission command. 
6. A method for use by a media player communicating with 

an accessory having a radio receiver, the method comprising: 
requesting information from the accessory regarding digi 

tal radio program services having digital audio at one or 
more station frequencies; 

requesting to be notified when information regarding the 
digital radio program services is available; 

in response to receiving a notice that the information is 
available, requesting the information; 

after requesting the information, receiving metadata from 
the accessory regarding a plurality of digital radio pro 
gram services; and 

storing the metadata for the plurality of digital radio pro 
gram services independently of receiving audio associ 
ated with the plurality of digital radio program services. 
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7. A method for use in an accessory having a radio receiver, 

the method comprising: 
receiving a request to be notified when information regard 

ing a plurality of digital radio program services is avail 
able; 

tuning to a frequency at which one or more of the plurality 
of digital radio program services are available; 

storing metadata for the plurality of digital radio program 
services; 

sending a notification that information regarding the digital 
radio program services is available; 

in response to a request for the information, providing the 
metadata to a media player interface without delivering 
digital audio content from the one or more digital radio 
program services; 

receiving a selection from the media player interface, the 
Selection selecting one of the one or more digital radio 
program services; and 

delivering digital audio content from the selected digital 
radio program service to the media player. 

8. The method of claim 7 wherein the information about the 
one or more digital radio program services is provided in raw 
form. 

9. A method for use in an accessory having a digital radio 
receiver and an data interface, the method comprising: 

receiving one or more commands from the data interface to 
search for all digital radio stations in a given frequency 
band, the one or more commands including a seek direc 
tion and a received signal strength indication (RSSI) 
threshold; 

for each digital radio station found, receiving digital radio 
data from the digital radio station and assembling data 
from received digital radio data; 

parsing the data to retrieve station identifying information; 
and 

providing the station identifying information concerning 
the found digital radio station at the data interface of the 
accessory. 

10. The method of claim 9 wherein the one or more com 
mands include a plurality of separate commands received at 
the data interface to search for the next digital radio station in 
a Scan Sequence. 

11. The method of claim 9 wherein the one or more com 
mands received at the data interface include a single com 
mand to search for all the digital radio stations in a scan 
Sequence. 

12. The method of claim 9, and further comprising, after 
station identifying information has been provided for all 
found digital radio stations: 

sequentially tuning to the found stations; and 
for each found station, providing additional information 

representing program services available for that found 
station at the data interface of the accessory. 

13. The method of claim 9, and further comprising, after 
station identifying information has been provided at the data 
interface of the accessory for each found digital radio station: 

providing additional information representing program 
services available for that found station before searching 
for the next digital radio station. 

14. The method of claim 9, and further comprising: 
receiving one or more commands from the data interface to 

search for all digital radio stations in the given frequency 
band; and 

for each radio station found, providing station identifying 
information concerning the found radio station at the 
data interface of the accessory. 
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15. An accessory device for a media player comprising: 
a digital radio tuner; 
an audio interface, to provide audio output; 
a data interface, to provide digital radio data; 
a command interface, to receive commands from the media 5 

player, and 
a controller responsive to the commands, wherein the con 

troller, in response to a command specifying a digital 
radio program service, 
tunes to a frequency corresponding to the digital radio 

program service, 
extracts digital information for the digital radio program 

service, 
separates the digital information into digital audio for 

the digital radio program service and digital radio data 
including metadata associated with the digital audio, 

provides an audio signal at the audio interface, 
provides the digital radio data at the data interface, 
wherein the controller, in response to a parsed-mode 
command from the media player, assembles data from 
the digital radio data, parses the data, assembles a 
parsed-data record from the parsed digital radio data, 
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and sends the parsed-data data record to the media 
player using a data transmission command. 

16. The accessory device as in claim 15, wherein the con 
troller, in response to a raw-mode command from the media 
player, assembles a raw-data record from the digital radio 
data, and sends the raw-data data record to the media player 
using the data transmission command. 

17. The accessory device as in claim 15, wherein the audio 
interface is to provide digital audio output, and wherein the 
controller, in response to a command specifying the digital 
radio program service, provides a digital audio signal at the 
audio interface. 

18. The accessory device as in claim 15, wherein the audio 
interface is to provide analog audio output, and wherein the 
controller, in response to a command specifying the digital 
radio program service, provides an analog audio signal at the 
audio interface. 

19. The accessory device as in claim 18, further comprising 
a digital to analog converter (DAC), to convert the digital 
audio for the digital radio program service into the analog 
audio signal. 


